The pattern of change of the microtubule cytoskeleton of the root-tip cells of rice during mitosis was studied using immunofluorescence technic and confocal laser scanning microscopy. All the major stages of cell division including preprophase, prophase, metaphase, anaphase and telophase were observed. The most significant finding was that in the preprophase cells microtubules radiating from the nuclear surface to the cortex were frequently seen. During development these microtubules became closely associated with the preprophase band and prophase spindle indicating that the microtubules radiating from the nuclear surface, the preprophase band and the prophase spindle were structurally and functionally closely related to each other. Granule-like anchorage sites for the radiating microtubules at the nuclear surface were often seen and the possibility that these granule-like anchorage sites might represent the microtubule organizing centres was discussed.
INTRODUCTION
Mitosis in higher plants has been studied by a large number of workers for a long period of time [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . But in spite of the large number of papers published on the subject the mechanisms of mitosis and the transition between various microtubule arrays during mitosis in higher plant cells are still poorly understood. In the study of higher plant mitosis, root-tip cells have often been used [14] [15] [16] [17] [18] [19] [20] . But as far as we are aware mitosis in the root-tip cells of rice has not yet been studied using such modern techniques such as immunofluorescence and confocal laser scanning microscopy. Thus it is the purpose of this study to unravel as far as possible the pattern of organizational changes of the microtubule cytoskeleton during root-tip cell mitosis using immunofluorescence and confocal laser scanning microscopy.
MATERIALS AND METHODS
Seeds of Oryza sativa L. cv. Qigui Zao were germinated in Petri dishes on moist filter papers.
After the roots had reached a length of about 2-3 cm the root tips were removed and fixed according to the method described by McCurdy and Gunning [17] .
Immunofluorescence labelling was carried out with anti-α-tubulin(Sigma T-9026) (1:500) and anti-mouse-FITC(Sigma F-02571)(1:16). All incubations were performed at 37 。 C for 40 mins, followed by three 10 mim washes with PBS. Controls were done using only the second antibody and they showed no labelling.
Confocal laser scanning microscopy was carried out using a Bio-Rad MRC-600 confocal microscope with BHS filters. The images were contrast enhanced before recorded on Kodak TMAX-100 films.
RESULTS

Preprophase
For ease of description the changes in the organizational pattern of the microtubules in the preprophase cells has been divided into five categories according to the shape and form of the preprophase band [17] .
Category I
The microtubule cytoskeleton in the Category I cells consists of a file of cortical microtubules that lie parallel to each other and transverse to the direction of cell elongation (Fig 1) . This array of parallel microtubules usually spread throughout the entire width of the cell. No perinuclear microtubules appear to be present in the Category I cells.
Category II
Cells in this category possess a wide preprophase band which usually covers the whole region of the cell surface (Fig 2A) . Some microtubules begin to form radiating from the surface of the nucleus towards the cell cortex ( Fig 2B) . Some of the radiating microtubules also possess a granule-like head at the point of attachment between the microtubules and the nuclear surface.
Category III
In this category the preprophase band becomes narrower. Constituent microtubules (or bundles of microtubules) are still obvious ( Fig 3A) . Some of the micro-tubules radiating from the nucleus become associated with the preprophase band ( Fig 3B) .
Category IV
In this category individual microtubules are often difficult to discern in the preprophase band due to the close packing of individual microtubules. Microtubules radiating from the nuclear region towards the preprophase band are now more abundant (Fig 4) . Some microtubules appear to form a layer around the nucleus (Fig 5) . Some of the nuclear microtubules have granule-like heads associated with them.
Category V
In this category the preprophase band can still be seen. Microtubules radiating from the nucleus and associating with the preprophase band (Fig 6A, B) are still very abundant. In a position perpendicular to the plane of the preprophase band (or the division plane) some microtubules surrounding the nucleus are seen converging into a prophase spindle (Fig 6A, B, 7 ).
Prophase
The prophase cells are characterized by the absence of the preprophase band (Fig  8) . But they possess numerous randomly distributed microtubules in the cytoplasm. At late prophase, after the break down of the nuclear envelope the general pattern of distribution of the microtubules dose not change much.
Metaphase
At metaphase the chromosomes become aligned at the spindle equator. In order to visualize the chromosomes the sections have been immunofluorescently labelled with BNS-I (Fig 9) (BNS-1 will only react with the chromosomes[Zee, unpublished data]).
Anaphase
At anaphase A chromosomes start to separate and interzone microtubules appear (Fig 10) . Later, at anaphase B interzone microtubules elongate (Fig 11) pushing sister chromosomes farther apart.
Telophase
At early telophase phragmoplast microtubules begin to form (Fig 12) . But soon afterwards the phragmoplast microtubules in the cell centre begin to disappear (Fig  13) . Later, the phragmoplast microtubules at the periphery also disappear. The two new daughter cells then become filled with randomly distributed microtubules. In some cells the perinuclear microtubules in some daughter cells reform (Fig 14) .
But in others they do not seem to reform (Fig 15) .
DISCUSSION
The classification of the preprophase into different stages of development is quite arbitrary. McCurdy and . [17] and Gunning and Sammut (1990) [20] found it convenient to divide the developmental stages of the preprophase into five categories based on the structure of the preprophase band. But Wang et al (1989) [21] , found it more convenient to divide the preprophase into six developmental stages based on the state of condensation of the chromosomes. In the root-tip cells of rice we found it convenient to divide the preprophase also into five categories using the classification method of McCurdy and [17] . It was extremely difficult to use the state of the condensation of the chromosomes to make classification because the staining of the chromosomes with either Hoechest-33258 or DAPI often failed to reflect the state of condensation of the chromosomes.
In the preprophase cells of rice studied here we have shown the existence of nucleoassociated microtubules at a number of developmental stages. The distribution and function of the nucleo-associated microtubules have recently attracted a lot of attention [22] [23] [24] . Flanders et sl (1990) [25] showed that in the epidermal cells of Datura stramonium the microtubules radiating from the nucleus are involved in the earliest stages of cortical array formation. In a later study Lloyd et al (1991) [23] revealed that in the epidermal cells of Nantilocalyx lynchii "the nucleus associated microtubules are a major component of the phragmosome, that they change from a radiating to a planar distribution concomitantly with the 'bunching' of cortical microtubules to form the preprophase band". In the root-tip cells of rice studied here we have shown for the first time that the microtubules radiating fom the nucleus are not only attached to the preprophase band but they are also attached to the prophase spindle indicating that the microtubules radiating from the nucleus may play an important role in controlling the organization of the preprophase band and the prophase spindle.
Lambert et al(1992) [13] and Xu et al (1992) [26] have provided evidence to show that multiple microtubule anchorage (or organizing or nucleating) sites or foci (i.e. the granule-like structure of the radiating microtubules) similar to those seen in the root-tip cells of rice are present on the nuclear surface of Haemanthus endosperm cell and Narcissus pollen using immuno-labelling techniques. C hevrier et al (1992) [27] have provided further evidence to show that the foci around the nuclear envelope may indeed be microtubule organizing centers. Although evidences are now accumulating indicating that the granule-like structure associated with radiating microtubule from the nucleus may represent a microtubule organizing centre but unfortunately up till now we are still unsure of its fine structure. Fig 6A, B . Two optical sections of a Category V preprophase cell. Note the close association of the radiating microtubules (arrow head ) from the nuclear surface with the preprophase band (P). Note also the formation of the prophase spindle (arrow).
Plate II
Fig 7.
A late Category V preprophase cell showing a prophase spindle (arrow). Note that the preprophase band (P) is still present at this stage of development. N=nucleus.
Fig 8.
An optical section at the mid region of a typical prophase cell. Note the absence of a preprophase band at this stage of development of the cell. An early telophase cell showing a phragmoplast (arrow) and its associated microtubules. Note that the peripheral region of the daughter nuclei is still surrounded by some spindle microtubules (arrow head). N=nucleus. Fig 13. A mid-telophase cell showing phragmoplast microtubules beginning to disappear in the cell centre (C). At this stage radiating microtubules from the nuclear surface start to form (arrow). Black /white arrow=phragmoplast; N=nucleus. Fig 14. A late telophase cell showing two daughter nuclei (N). Arrow=granule-like anchorage site of microtubules at the nuclear surface(arrow) .  Fig 15. Telophase-interphase transition. Radiating microtubules from the nuclear surface are no longer present and the cytoplasm of the daughter cells is filled with numerous randomly oriented microtubules.
